Clinicopathologic features in 14 cases of lymph node-involved angiocentric immunoproliferative lesions (AILs) are reported. They were selected from 900 cases of lymphoproliferative disorders registered at the Department of Pathology, Fukuoka University. Four cases showed a histologic feature of AIL grade II (AIL-II) and 10 had angiocentric lymphoma (AIL-III). Immunohistologically, transformed B cells were mixed with a large number of small T cells in AIL-II. In AIL-III, there were five cases with B-cell lymphoma, and three had peripheral T-cell lymphoma with no expression of natural-killer (NK)-associated antigens. In the remaining two cases, lymphoma cells expressed both Tcell-and NK-associated antigens. These findings indicate that lymph node-involved AILs are rarely occurring (1.6%) and phenotypically different from sinonasal and cutaneous AILs. Furthermore, NK-associ-
AIL-III in the paraaortic lymph nodes and liver, complicated by an aggressive hemophagocytic syndrome.
Sinonasal and cutaneous AIL-III is mainly composed of natural killer (NK)-associated antigens (CD 16, 56 and 57)-positive abnormal lymphoid cells with NK or T-cell genotype. 6 " 8 However, pulmonary lymphomatoid granulomatosis mainly consists of abnormal B-cell proliferation. 9 In this study, we found 14 patients with superficial lymph nodes affected by AILs-Il and III from 876 registered cases of lymph node-involved lymphoproliferative disorders and 24 of CD56-positive extranodal AILs. We tried to determine the characteristics of abnormal cells in the patients and their clinical findings.
Sinonasal and pulmonary AILs, Hodgkin's disease, endemic Burkitt's lymphoma, and posttransplantation B-cell lymphoid disorders are strongly associated with Epstein-Barr virus (EBV) infection, which might be etiologically relevant. 10 " 13 We also analyzed possible association with EBV infection, by using the detection of EBVrelated proteins and in situ hybridization analysis of EBV-encoded RNA (EBER-1). Because lymph node-involved AILs possess characteristic clinicopathologic findings, we tried to differentiate these diseases from reactive lymphadenitis and other types of lymphoid neoplasms by examining the histologic and clinical features. (EBNA-2) were applied for the detection of EBV related proteins. The immunostaining procedure was performed by the alkaline phosphatase conjugated streptavidin-biotin complex method.
In Situ Hybridization for EBV
Deparaffinized tissue sections were digested with proteinase K, and hybridized overnight in a solution of 50% formamide containing 5 ng digoxigenin labeled oligoprobe EBER-1 region (AGACACCGTCCTCACCAC-CCGGGACTTGTA) and its sense probe as negative control. Alkaline phosphatase-conjugated anti-digoxigenin antibody was applied to detect EBER-1.' 4 In situ hybridization was performed simultaneously in combination with immunohistochemical analysis of CD20 (L-26) and CD45 (UCHL-1).
MATERIALS AND METHODS

Selection of Patients
From 1988 to 1995, we examined 876 patients with lymphoproliferative disorders that primarily and concurrently involved superficial lymph nodes. Twenty-four patients with CD56-positive sinonasal and cutaneous AILs also were examined to ascertain whether lymph nodes were affected by AILs. From these 900 patients, 14 with AILs-II and III were selected for further study. The remaining patients include 11 cases of atypical hyperplasia, 36 of Hodgkin's disease, 361 of non-Hodgkin's lymphoma B-cell type, 452 of T-cell type, and 3 of NK-associated antigen-positive B-cell (1 case) and non-B-cell types (2 cases). The histologic findings of AILs were based on the description of Jaffe and colleagues.
1,2
Histology and Immunohistochemistry
The tissue specimens were fixed with B-5 solution and/ or 20% formalin, embedded in paraffin, and stained with hematoxylin and eosin, periodic acid-Schiff (PAS) and silver impregnation for the routine histologic examination. Giemsa stain of the imprint preparation and electron microscopy (JEM 100 CX, Nihon Dense, Japan) were used to find dense granules in the cytoplasm. Ziehl-Neelsen stain was performed to differentiate mycobacterium infection when indicated. The formalin-fixed and liquid nitrogen frozen tissue specimens were used for the immunostaining with monoclonal and polyclonal antibodies against T, B and NK cells ( Table 1) . Antibodies of EBV-encoded late membrane protein (LMP) and EBV nuclear protein
RESULTS
Clinical Findings, Data, Treatment, and Outcome
Clinical features of the 14 cases are summarized in Table 2 .
AIL-II (n = 4). The age of these patients ranged from 63 to 87 years. All patients had either localized superficial or systemic lymph node swelling. Case 3 had primarily AIL-II in an ulcerative palatine tonsil with cervical and axillary lymphadenopathy. No hepatosplenomegaly was found in any case. No hematologic abnormalities were found in the peripheral blood and bone marrow. Two patients showed elevated serum levels of lactate dehydrogenase (LDH). Corticosteroids were initially given to the patients, with no benefit. Subsequent multiagent systemic chemotherapy was ineffective for three patients who never entered into complete remission. Cytotoxic therapy was not given to case 2. During the subsequent clinical course, hepatosplenomegaly and disseminated intravascular coagulopathy (DIC) supervened in two patients. All patients died within 22 months of the onset of the disease.
AIL-HI (n = 10). The ages of the 10 patients in this group ranged from 27 to 84 years with a median of 53.5. Localized superficial and systemic lymph node swelling was observed in 4 and 6 patients, respectively. Six patients had concurrent extranodal lesions in the skin, nose, lung, and gastrointestinal tracts. Cases 5, 10, and 12 were considered to be primary pleural, sinonasal, and gastric lymphoma associated with lymph node involvement. Case 9 was complicated with B-cell chronic lymphocytic leukemia. Other patients had no bone marrow involvement or leukemic changes by abnormal lympho-AJ.C.P.-July 1996 TAKESHITA ET AL. cytes. All patients were treated with multiagent systemic chemotherapy and/or local radiotherapy. During the clinical course, cases 7 and 12 developed the systemic disease in lymph nodes and extranodal organs, which was confirmed by autopsy. Hepatosplenomegaly was present in four patients. Four patients suffered from sepsis mainly due to Staphylococcus aureus and Pseudomonas aeruginosa infections and DIC. Eight patients died of the progressive disease and its complications within 18 months. Two patients have remained alive and have entered partial or complete remission, which has lasted 6 and 38 months, respectively.
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Proliferation and Histology in Myeloma
Histology and Immunophenotype
The histologic, immunohistochemical findings, and in situ hybridization for EBV are summarized in Table 3 .
AIL-II (n = 4).
Four cases showed an effacement of reactive lymph follicles and diffuse infiltration of small to large atypical lymphocytes with slight to moderate nuclear atypia (Fig. 1) . The atypical lymphocytes showed perivascular and intravascular infiltration, and fibrinoid necrosis of the vascular wall was observed. Irregular fibrinoid necrosis was diffusely seen throughout the lymph node in every patient. Histiocytic reaction was found, but formation of large epithelioid granulomas was not recognized. Ziehl-Neelsen and PAS stains demonstrated no acid-fast bacilli and fungal spores. Intracytoplasmic dense granules were absent in the atypical cells that were examined for two cases. All 4 patients showed diffuse infiltration of small CD3e (CD3) and CD45RO (UCHL1) positive T-cells as well as patchy and scattered invasion by transformed CD20 (L26) positive B cells. The frozen tissue preparation of case 2 showed many CD4-and CD8-positive T cells that were intermingled. Natural killer-associated antigen-positive lymphocytes were scattered and slightly increased in number in three cases.
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HEMATOPATHOLOGY
Original Article giocentric, and angiodestructive patterns in the biopsied superficial lymph node (Fig. 2) . Irregular fibrinoid necrosis was found in all patients. Many histiocytes and small lymphocytes were intermingled among the lymphoma cells, but plasmacytes and neutrophils were rarely seen. A network of reticulin fibers was found in and around the lesion, but absent in the necrotic area by silver impregnation (Fig. 3A) . The lymph node imprint and electron microscopic examination showed small dense azurophilic granules in many atypical lymphocytes in case 10. There was patchy AIL-II with or without small necrotic foci in the dermis of the erythematous skin rash and papules in three cases. Two cases showed overt lymphoma with ulcers in the biopsy specimen of the stomach. Typical sinonasal CD56-positive AIL-III was noticed in addition to neck lymph node enlargement in case 10. Immunohistologically, medium-sized and/or large lymphoma cells in five cases were positive for CD20 (L26) (Fig. 3B ). Among them, two cases possessed monoclonal surface immunoglobulin. The remaining five cases had lymphoma cells with a positive reaction to the T-cell markers (CD2, CD3). Among them, four cases were positive for CD4, and one was positive for CD8. Natural killer-associated antigens (CD 16 or 56)-positive lymphoma cells were detected in two cases (cases 10 and 13). Four of the other eight cases showed a slight increase of NK associated antigens-positive small lymphocytes. The large lymphoma cells in three cases of B cell and one of T-cell types were positive for CD30 (BerH2).
Detection of EBV-Related Proteins and Its In Situ Hybridization
Two of the four AIL-II cases had LMP positive large lymphoid cells, whereas small lymphoid cells were negative for LMP. These two cases also were found to have many EBER-1-positive large cells that were positive for CD20 (L-26) by the double stain method (Fig. 4) . EBN A-2 positive cells were absent in all AIL-II cases. In six AIL-III cases, EBER-1 positive cells infiltrated diffusely in the lymph nodes (Fig. 5) . The double stain method confirmed that EBER-1 positive cells were lymphoma cells in all cases except case 12.
Among them, four cases showed many LMP positive lymphoma cells in the absence of EBNA-2.
DISCUSSION
Katschenstein and colleagues' 5 demonstrated in 1979 that there was lymph node involvement by atypical lymphocytes in 18 of 152 patients with pulmonary lymphomatoid granulomatosis (AIL-II). In the 16 autopsied cases, AIL-II had progressed to immunoblastic lymphoma with plasmacytic differentiation or large cell lymphoma. However, with this and Chan's study, 415 there was no histologic description of the angiocentric or angiodestructive patterns by atypical lymphocytes and the large area of necrosis in the involved lymph nodes of the pulmonary and cutaneous AILs cases. Because Lipford and colleagues 2 reported only 2 cases of lymph node involvement in their 23 AIL cases, Proliferation and it was highly speculated that AILs would rarely involve the lymph node. In this study, we reported 14 cases of AILs-II and III that primarily and concurrently involved the superficial lymph node. This is an incidence of only 1.6% of the 900 selected cases of lymphoproliferative disorders, and indicates that lymph node involvement by AILs occurs rarely.
Among the 14 cases described in this paper, the lymphoma cells in only 2 cases possessed NK associated anVol. 1' ology in Myeloma tigens CD56 or CD 16. From the initial 900 patients, of the 24 with sinonasal and cutaneous CD56 positive AIL-III, only one had lymph node involvement. This agrees with the view that NIC-associated antigen-positive AILs rarely involve the lymph node.
The immunohistological examination of our patients showed that atypical transformed B cells and many small T cells were intermingled and normal nodal structures were destroyed in all AIL-II. The infiltrating pattern of the lymphocytes in the lymph node was similar to that of pulmonary lymphomatoid granulomatosis (AILs) with abnormal B-cell proliferation reported by Guinee and colleagues. 9 Furthermore, 5 of the 10 patients with AIL-III had B-cell lymphoma. Two of these patients and one case of AIL-II had pleural and pulmonary nodular lesions. B-cell AILs are reported to rarely occur in the sinonasal area and skin. 816 Our data, and results from other studies, indicate that abnormal B-cell disorders including lymphoma can possess angiocentric or angiodestructive features, and that in these cases, they frequently involve the lymph node as well as the lung.
Patients with sinonasal and cutaneous AILs frequently have prominent liver dysfunction, sepsis and DIC, and often follow a progressive and lethal clinical course. 3, 4 Twelve of the 14 patients in this study had a poor response to chemotherapy and died within 22 months, regardless of histologic grading and phenotypic difference. Importantly, seven of these patients showed severe infection with or without progressive DIC. Because the patients with lymph node-involved AILs mostly showed a progressive and lethal clinical course with life-threatening complications, it is considered important to detect angiocentric or angiodestructive features by atypical lymphocytes in the primarily and concurrently involving lymph nodes. This is the first study describing the clinicopathologic findings of AILs in the lymph node.
Etiologically, EBV infection is often found in cases of sinonasal AIL-III by immunohistology and in situ hybridization.
10 " Guinee and colleagues 9 also found many EBV-infected transformed B cells in all 10 patients with pulmonary AILs. These researchers speculated that EBV infection might play a significant role in the process of neoplastic transformation in AILs, and influence the histologic grade and outcome. The seven patients with lymph node-involved AILs in this study showed infiltration of many LMP and/or EBER-1 positive atypical lymphocytes. This leads us to believe that latent EBV infection might play a role in forming the angiocentric or angiodestructive features in the lymph node as well as other involved sites, regardless of the phenotype and CD56 expression of the atypical lymphocytes.
Rowe and colleagues 17 subgrouped EBV-associated human neoplasms into three different types (ie, Burkitt's lymphoma, B-lympho-blastic cell line [B-LCL] and nasopharyngeal carcinoma). Burkitt's and sinonasal lymphomas are classified into Burkitt's type which is negative for LMP and EBNA-2, but positive for EBER-1. Posttransplantation B-cell lymphoproliferative disorders and some cases of adult T-cell leukemia/lymphoma are of the B-LCL type, which is positive for LMP, EBNA-2 and EBER-1. ' 8 In our study, the atypical lymphocytes of six patients showed positive reaction to LMP and EBER-1 with negative reaction to EBNA-2. The results were consistent with those of the nasopharyngeal carcinoma type. 19 Hodgkin's disease, mixed cellularity and nodular sclerosis types, is also classified into this type. The pattern of latent EBV infection in our examined AILs and TAKESHITA ET AL. Hodgkin's disease differs from that of other lymphoma types. There is a report that expression of LMP induces morphologic transformation of the infected cells and cell adhesion between infected and reactive cells. 20 Thus, it seems that EBV infection with LMP expression might introduce reactive lymphocytic and histiocytic infiltration in the lymph node of AILs and Hodgkin's disease. The clinical course in all 14 cases suggests that AILs paVol. 11 in Myeloma tients with latent EBV infection show the same prognosis as those without EBV.
Differential Diagnosis
In a reactive disease, histiocytic necrotizing lymphadenitis (Kikuchi's disease) should be ruled out. 21 In this disease, small and transformed T cells and histiocytes other than B cells show zonal infiltration with individual
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Original Article cell and fibrinoid necrosis. Necrotic vascular walls are also present in Kikuchi's disease. 22 However, infiltrating cells reveal neither cell atypia nor angiocentric or angiodestructive patterns. Furthermore, ordinary-looking lymph follicles and paracortex are partially preserved in almost all the lymph node of this disease. Kikuchi's disease is characterized by localized lymph node swelling and leukopenia in young adults and is self-limiting. It should be differentiated from AILs. In lupus lymphadenitis, vasculitis with fibrinoid necrosis is a typical feature and reactive lymph follicles occasionally disappear. 23 Histologically, lupus lymphadenitis may be classified into AIL-I, but it is relatively easy to differentiate lupus lymphadenitis from AIL-II by the clinical findings and cell atypia of the infiltrating lymphocytes. In organ transplant recipients, polymorphic B-cell lymphoproliferative disorder including lymphoma usually involves the gastrointestinal tract, nasopharynx and central nervous system, but rarely the lymph node. 2425 Histologically, these disorders show similar findings to AILs. Bcell lymphoid disorders in recipients also are shown to be strongly associated with latent EBV infection. Our patients had no history of organ transplantation, and their pattern of EBV infection was different from that of transplants. T-cell-rich B-cell lymphoma and B-cell lymphoma with massive infarction are another consideration to be differentiated from AILs. There are no reports that these 2 types of B-cell lymphoma present angiocentric or angiodestructive histologic features. 26 
"
28 In addition, patients with these lymphomas mostly have a better prognosis. Finally, angiocentric lesions are rarely found in anaplastic large cell lymphoma, but there is no angiodestruction with massive necrosis. 29 In summary, our present study indicates that B-and T-cell lymphoid disorders, except NFC-associated antigen-positive lymphoma, can occasionally present the histologic features of AILs in the lymph node. Natural killer-associated antigen-positive small lymphocytes were slightly increased in number in half of the cases, but didn't infiltrate in and around the vascular wall. It remains to be further studies whether abnormal lymphocytes, infiltrating the vascular wall, cause the features of AILs (ie, what kinds of lymphocytes or abnormal lymphocytes produce cytolytic proteins and present cytotoxicity against the endothelial cells in in vitro and in vivo studies). 30 
